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INTRODUCTION
Many years ago, our early research led us very quickly to the importance
of person to person communication in a way that was unanticipated. We
began with the question of technology transfer. How can an organization
effectively import new technology? We used the product development
project as our research vehicle and instrumented several of these to search
for the entry of new technical ideas. What we found was that most of
the new knowledge that was acquired by engineers and scientists,
working in product development, came through direct contact with people,
usually other engineers and scientists. This is not to downgrade the
importance of literature and documentation. You all know the story of the
technological gatekeeper (Allen, 1984), to which we were subsequently
led. These individuals, although few in number, have an enormous impact
on their organizations. They connect the other technical staff of their
organization to the literature by reading it themselves and then informing
others. But the information contained in the scientific and engineering
journals is communicated to the average engineer or scientist by face to
face contact.
Problems at the Organizational Boundary
The second of our early discoveries was that there was great difficulty in
transferring technology across organizational boundaries. We, and others,
found a consistent inverse correlation between personal contact outside
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of an organization and the quality of the resulting ideas. This result was
so strong and so consistent, that we spent a lot of time trying to better
understand it. We first checked the kinds of people who were contacted
outside of the organization to see whether the individual seeking
information might have gone to unreliable or poorly informed sources.
Even a casual check of the data reveals that this is clearly not the case.
The individuals, who were consulted, were recognized experts or worked
in organizations which had developed a strong reputation in the specialty
in which they were consulted. This led us to the conclusion there must
be some difficulty in the process of communicating with these outsiders.
Local Nature of Technology
The difficulty, we now believe, lies not so much in the communication of
ideas or information from the outside expert. The difficulty lies in the
communication of the problem to the outside expert. The reason for this,
we believe, lies in the nature of technology. Technology is very different
from science in this respect. Science may be universal. Scientists in
different parts of the world, sharing a specialty or sub-discipline, can
communicate with each other without difficulty. Their understanding is
relatively unaffected by to the organization in which they work or the
country in which they live. Technology, on the other hand, is very
different. Technology is not universal. Technology is local. It is locally
defined. It is defined in terms of the business goals, strategy, and
"culture" of the organization in which it is performed. I stress this last
component, culture. Organizational culture has received a lot of attention
3in recent years (Cf. Schein,1990). There is good reason for this. It is
becoming clear that to understand organizations and their actions, one
must understand something about their cultures. We must understand the
values that organizations develop over time which shape their actions and
the thinking of their members. Technical problems are defined within the
framework of this value system. One organization's products will stress
one set of attributes; the products of a competitor stress another set of
attributes. This is determined by commonly held values, in other words
by culture. As when an engineer frames a problem, he is heavily
influenced in doing so by the culture of the organization in which he
works. Criteria are weighted in accord with the organization's value
structure. the unique nature of this problem definition presents no
problem when communicating about that problem with those who share
the culture. But it presents very serious problems when communicating
about the problem with those who are outside of the culture. To
communicate the nature of a technical problem, completely, the engineer
must communicate the way in which the organization frames that problem
in terms of its values and the weighting accorded different attributes and
dimensions of the problem space. This is extremely difficult if not
impossible to do, without a long term relationship with the outsider.
Solutions or approaches suggested by the outsider, consequently, are
likely to be fitted to a very different definition of the problem and will not
work out as well as might be anticipated.
This phenomenon of "culture mismatch" occurs any time that the
communication crosses the boundary of an organization or other social
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system. So it can occur between divisions of the same company, or
between functions within the company'. It often occurs at the interface
between centralized R&D and the technical activities of operating
divisions. It clearly occurs between product development and
manufacturing engineering and is often responsible for the problems
encountered in that relationship and for extended product development
times.
When it comes to relationships within the same organization (and in some
inter-organizational relations, as well) this problem can be exacerbated by
a form of "prejudice" which develops between members of two groups.
This prejudice is very much akin, in nature, to the ethnic prejudice which
often develops between groups in the general society. It is exemplified by
a form of stereotyping (Nochur and Allen, 1990). This stereotyping, just
as the stereotyping of ethnic groups, attributes certain attributes (usually
negative) to all members of a given group, "Those people in central R&D
are all a bunch of ivory tower academics ... ", or "Those people in
manufacturing engineering are too ignorant or incompetent to understand
the real benefits of this new technology." Stereotyping, in this way,
provides an easy explanation for the behavior of others. It closes the
individual's mind to the task of better understanding the rationale for
those behaviors. The result is a complete failure to mediate between the
1 Dougherty (1987) describes people in different functions as living in
different "thought worlds". They describe the same thing in different
ways using different terminology and in a real sense speaking different
languages.
5
two value systems. This leads to misinterpretations or rejection of
information and all the problems that we have so long witnessed in inter-
organizational relations.
What can be done to overcome this organizational boundary problem?
Different solutions present themselves, depending upon whether the
boundary is between organizations or between units within an
organization. Between organizations, the gatekeeper is an effective way
of surmounting the problem. Gatekeepers, in effect, "translate" between
cultures or between value systems. To overcome the boundary
impedances within organizations, a variety of strategies must be
employed. There are, first, individuals, who play a role similar to that of
the gatekeeper. They mediate and translate between organizational units.
These "boundary spanners" as they have come to be known, are different
from gatekeepers. They often have different characteristics and develop
in different ways. They are not necessarily the exceptionally high
performers that gatekeepers usually are. They are often people who have
been transferred between units and who therefore understand how the
different systems function and why they function differently. They not
only interpret between units but often are able to explain, to the members
of one unit, the behaviors of those in the other unit. They, thereby, help
to break down the stereotypes. Other strategies, that can be used,
include the formation of integrating teams and the temporary assignment
of individuals. Recent research (Robertson and Allen, 1990) shows that
Computer Aided Design (CAD) Systems, if implemented properly, can be
an effective catalyst aiding in the eradication of stereotypes. In all of
III
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these examples the idea is to provide better understanding on both sides
of the boundary to reduce stereotyping and thereby to facilitate the
movement of technology.
Person to Person Networks
The next step in our research was motivated by the observations that
project performance was strongly influenced by the strength of the project
team's communication with organizational colleagues (Allen, 1984).
Project teams sometimes became isolated from organizational technical
support, thus hampering their performance. This led us to attempt to
learn more about those factors which influence internal technical
communication within an organization. To do this we decided to sample
communications over time2 and construct networks indicating which
people were in regular communication with one another. These networks
which can be represented either by a diagram showing individuals as
nodes and communication relations as branches (Figure 1) or by a matrix
in which each individual occupies both a row and a column and
communication relationships are indicated by marking the cell connecting
two individuals (Figure 2). The matrix representation turns out to be
particularly interesting because rows and columns can be ordered and re-
ordered in a variety of ways to see the effect on the patterning of
relationships. For example, when rows and columns are clustered by
2 The method used in sampling communications is described in Allen
(1984).
7Figure 1. A Network Representation of Communications in a Moderately Sized R&D
Organization. Individuals Are Shown as Circles or Hexagons and Are Connected If They
Communicated About Scientific or Technical Matters at Least Once Per Week Over a Six Month
Sampling Period.
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Figure 2. A Matrix Representation of a Communication Network. Each Individual is Assigned
a Row and a Column. When Two People Are Found To Communicate Regularly, the Cell
Connecting the One Individual's Row and the Other Person's Column Is Filled In. Absence of
Regular Communication Is Represented by a Blank Cell.
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organizational unit, the result is a series of smaller square matrices along
the diagonal of the original matrix (Figure 3), each of which is the
communication matrix for an organizational unit. The resulting rectangular
matrices that occur between the squares show the degree of
communication between organizational units. In this way, the matrix
representation can be used to quantify, assess and diagnose the amount
and direction of communication within and between organizational units.
In a similar manner, the matrix can be ordered on the basis of physical
location, sites, buildings, floors, etc. (Figure 4) and the diagnosis can be
made with respect to intra- and inter-organizational communication.
In this way, we are able to represent graphically the effects of what we
believe to be the two most important determinants of organizational
communication, i.e. physical and organizational location3.
Face to Face vs. Electronic Communication
The person to person communication discussed thus far has been primarily
face to face. It is not surprising that face to face communication is so
strongly affected by physical location and distance. It takes effort and
time to overcome physically separation distance. We have therefore
created technologies to enable communication over greater
3 For a more complete discussion of the development and use of these
matrices in analyzing organizing problems, the reader is referred to George
and Allen (1989).
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Figure 3. A Matrix Representation of a Communication Network in An Automobile Firm. The
Rows and Columns Are Clustered on the Basis of Organizational Groupimg, Creating Smaller
Matrices Showing Communication Within Each Organizational Unit and Between Organizational
Units.
Ir
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Figure 4. A Matrix Representation of a Communication Network in An Automobile Firm. The
Rows and Columns Are Clustered on the Basis of Physical Location, Creating Smaller Matrices
Showing Communication Within Each Location and Between Locations.
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distance. One of the first of these to have an effect on science and
technology was the postal service. It enabled the exchange of written
information over great distance by scientists, enabled the birth of scientific
journals and was critical to the development of modern science. In more
recent times, we have seen the telephone and electronic mail add to our
capability to communicate over great distances. What effect have they
had?
Our first assumption in addressing this question was that the effect might
be one of substitution. If the distance were too great for easy face to
face communication, then telephone or electronic mail would be used.
What we actually found was that the media did not substitute for one
another at all. In fact, their use tended to be directly correlated; they fed
on one another. If you communicate more with a particular person by
telephone, that did not reduce your face to face contact with that person.
In fact, it increased it. A similar situation occurs for electronic mail. We
tend to communicate with the same people through all media, including
written memoranda. So there is no substitution effect. The existence of
these new media does not appear to reduce the need for face to face
contact among engineers and scientists.
There is another reason for this. The new media, telephone and electronic
mail, are what we might call "bandwidth limited". I mean this in more
than the physical sense. What I mean is that it is very difficult to discuss
anything that is abstract or complex over the telephone or by electronic
mail in its most commonly employed form. We have tested this and found
13
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Figure 5. Choice of Communication
Medium for Information of Low
Complexity, as a Function of
Distance.
that, for example, simple
communication, telling someone
how much something will cost or
when it will be delivered is handled
easily by phone or electronic mail
(Figure 5). People who are very
close to one another, on the same
floor of a building for example,
often use the telephone for this
purpose (Figure 6). When it comes
to complex communication such as
a problem description or an idea,
the same people travel great
distance to engage in face to face
conversation.
Partly, this is due to the need for graphic illustration to communicate
completely. We often need to sketch. The telephone and most electronic
mail, being verbal in nature, do not allow this. Newer forms of graphics
interchange through computer systems are of course being developed and
will help. However, I have been warned by those who are developing
such systems not to be too optimistic, at least in the short run. There still
seems to be a need to be in the same room and to be able to read the
"body language" even when the topic is purely technical. I think that
those of you who use video-conferencing extensively will agree with this.
Video conferencing works best when it is augmented by periodic face to
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one wall of a coffee room with a Medium for Information of High
"video window", a rear screen Complexity, as a Function ofDistance.
projection system with two
projectors connected to cameras located in a similar coffee room in a
building about 70 kilometers away. Of course, there are two cameras in
the first coffee room connected to video window in the second room. The
occupants of each room see the occupants of the other room, through
these windows. Casual encounters and informal conversation can be held
between people in the two quite distant buildings. There is, of course, an
audio as well as a video link between the two buildings. While this is still
experimental, it is producing some very interesting results. People quickly
adjust to the system and make effective use of it. It can transmit
computer graphics or freehand sketches and may reduce the need for
some face to face contact between engineers at the two sites.
i /
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Computer Bulletin Boards.
Shared files or computer bulletin board systems (BBS), as they are known,
first developed as a medium among "hackers" for sharing programs,
games and advice. More recently, some new applications have developed
for this medium. There are two types of computer bulletin board that
show considerable promise for communicating information among
engineers and scientists, within an organization.
Topic-Based Bulletin Boards. One form of bulletin board is organized
around specific technical areas or topics. These often develop informally,
with a group of interested persons who maintain contact and keep one
another informed through the bulletin board. They post news, information
and questions in the file and they are often spread both organizationally
and physically through the organization so the bulletin board becomes their
only means of maintaining contact. Moreover, one of the best features
of this type of bulletin board is that it can be accessible to everyone in the
organization. Someone with a question in the area covered by a particular
bulletin board can, after finding the appropriate bulletin board, post their
question. The engineers or scientists, who regularly review the bulletin
board can, upon seeing the question, respond with answers or
suggestions. The questioner can remain anonymous, thereby reducing one
of the major barriers to internal consulting in organizations. Those who
need information are often too embarassed to approach the expert (Cf.
Allen, 1984). This type of bulletin board takes on the task which we
generally assign to functional or departmental organization, i.e. transferring
III
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knowledge of technical areas within the organization and keeping the staff
well informed and current in their specialty.
Hierarchical Bulletin Boards for Coordination. A second type of bulletin
board has been created, that takes advantage of the computer's ability to
create sub-files and sub-sub-files within a given file. Now the files and
sub-files are organized around elements, problem areas or subsystems
within a project. Instead of employing the traditional system of reporting
status and progress on the project, i.e. a weekly status memorandum,
status and progress can be reported on line. Major events and problems
or their solutions can be entered at the time they occur into the
appropriate sub-file. All other project team members whose work is in any
way related to the work, reported upon, are told by the system that a
change has been entered. They are asked whether they want to review
the changed record. In this way, much of the effort of coordinating the
work of the project is managed by the bulletin board system. This type
of bulletin board assumes some of the functions which we normally assign
to the project form of organizational structure, i.e. coordinating the efforts
of those engineers and scientists working on different elements of the
project.
The development of these new technologies affords an opportunity to use
them to augment organizational structure. Despite their frequent linking
in the matrix form, project and functional structures remain mutually
exclusive. In choosing one the organization forgoes,or at least makes it
more difficult to gain, the benefits of the other. What can now be done
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is to use either the project or functional structure and augment that with
the appropriate form of bulletin board to achieve the advantages of the
other organizational form. In this way, one can at least approach the best
of both worlds.
When organizing in functional departments, coordination of work can be
facilitated by using hierarchically organized bulletin board systems for
configuration control and subsystem status reporting. This allows project
team members to be dispersed among functional departments, maintaining
contact with their disciplinary colleagues, and coordinating their project
work through the computer system.
When using the project form of organization individuals can be connected
to their specialized knowledge base and to their disciplinary colleagues by
using the topic-oriented bulletin board systems. They thereby gain not
just the advantage of coordinating their work through the project, but are
able maintain contact with developments within their specialty and
communicate with their colleagues within that specialty through the
bulletin board system4 .
4 For a more detailed discussion of the substitutions available between
electronic and organizational structure, the reader is referred to Allen and
Hauptman (1988).
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The Effects of Physical and Organizational Location.
Communication among engineers and scientists is strongly influenced by
their relative location, both physical and organizational. The effect of
physical of physical location on probability of communication has been
clearly demonstrated elsewhere (Allen, 1984). It has also been shown
that the sharing of an organizational unit, such as a department or a
project team, increases probability of communication, by a fixed amount
that is independent of physical separation. Together, these two factors,
which can be thought of as measures of two kinds of relative location,
have a very strong influence on communication patterns, and in fact
explain most of the variance in choice of communication partner (Tomlin,
1977).
In our research, we have taken the data from several organizations and
computed from them the probability of communication among pairs of
people as a function of their relative organizational and physical locations.
So now we can determine, for a given organization, the probability of
communication among pairs of people who work at separate sites, who
do or do not share departments or project assignments; people at the
same site, in the same or different buildings, who share or do not share
a department or project assignment, and so on (see, for example, Table
I). Using these data, one can then assess different organizational and
physical configurations and make estimates of what the results might be
if certain changes were introduced.
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Table I
In a simple example, if a manager had two departments and these two
departments were housed in two buildings, there a number of ways in
which department members could divided between the two buildings.
Each department might be assigned its own building (Figure 7A), or
varying proportions of people from one department could be assigned to
the building occupied principally by the other department (Figure 7B).
Whatever that proportion might be, from zero to 50 percent, there will be
an effect on both intra and inter departmental communication. The
magnitude of that effect can be computed for varying proportions, using
the figures computed for communication probability under the values of
physical and organizational proximity and separation and the number of
Probability of Communication as a Function of Organizational and Physical
Location
Different Same Different Same
Department Department Department Department
Different Different Same Same
Project Project Project Project
Same Floor 0.16 0.69 0.71 0.95
Same Wing
Same Floor 0.05 0.53 0.80 *
Different Wing
Same Building 0.05 0.60 * *
Different Floors
Same Site 0.02 0.35 0.33 0.50
Different Buildings
Different Sites 0.002 0.15 0.23 0.38
* Insufficient data for valid computation in this cell.
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Figure 7A. Communications Within
pairs of people represented by each
value. Figure 8 is plotted in just
this way, using
communication
between buildings
Note that the
independent
organizational unil
20 to 100 are
departmental sizes
are no optima in
the values for
within and
s from Table I.
function is
of size of
t. Values from
substituted for
Note too there
the curves of
and Between Two Departments,
When They Are Located Separately. Figure 8. They merely show a
tradeoff. They show what would
have to be sacrificed in intra-departmental communication to increase the
probability of communication between departments by a given amount.
The optimizing is left to the judgement of the manager. Similar curves
can be generated for any degree of separation, e.g. between sites or
between floors in a building.
5 The only deviation is for a size of 20. When a small proportion (2 or
3 people) of a small department are separated from their departmental
colleagues, they become more cohesive and communication more among
themselves. The correction used in Figure 8 is based upon empirical
observation (George, 1989).
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Summary and Conclusions
Over 20 years of research on
person to person communication
leads to the clear conclusion that
this process can be managed and
that organizational communication
can be structured to better
accomplishment the goals of the
organization.
Figure 7B. Communication Within
and Between Two Departments,First, we must recognize the major When They Share Two Locations.When They Share Two Locations.
obstacles that are faced in dealing
with person to person communication. The present paper highlights one
of these, viz. the barriers to communication and understanding that are
faced at every organizational boundary. Then we must make appropriate
use of physical and organizational location to structure the organizational
communication network. We must also make appropriate use, while
realizing their limitations, of new forms of information technology to
augment what we do organizationally and physically.
The final point that I would like to make is that these managerial problems
will yield to good engineering analysis. We need to apply the same rigor
and analytic thinking to these managerial which we customarily apply to
engineering problems if we are to advance the state-of-the-art in managing
research, development and engineering.
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PROBABILITY OF COMMUNICATION BETWEEN
BUILDINGS
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Figure 8. Tradeoff Between Intra and Inter-Departmental
Communication for Two Departments and Two Buildings.
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